Abstract: An experiment was carried out to determine effects of adding liquid DL-methionine hydroxy analog free acid (LMA) as source of dry DL-methionine (DLM) on growth performance, carcass quality and incidence of ascites syndrome during 0-6 weeks of age. Nine hundred commercial male broiler chicks (ROSS strain) were used. The chicks were divided into 6 groups; each group consisted of 6 replications of twenty five chicks each, and the chicks were kept in floor pens. Water and feed were offered ad libitum throughout the experiment. The following six experimental diets were provided: 1) corn-soybean based diet deficient in methionine, 2) corn-soybean based diet deficient in methionine added with DLM to meet its requirements 3) the first group added with LMA at 88% bioefficacy compared to DLM of the second group 4) the first group added with LMA at the 84% bioefficacy 5) the first group added with LMA at the 80% bioefficacy and 6) the first group added with LMA at the 76% bioefficacy. The results showed that during the starter period, weight gain of chicks fed LMA or DLM were significantly heavier than chicks received methionine-deficient diet (P<0.01), whilst addition of LMA at 88% bioefficacy of DLM slightly improved weight gain higher than the DLM group. Adding DLM or LMA significantly improved feed conversion ratio (FCR) and percentage of uniformity (P<0.01). No significant differences were found between supplementing DLM and various LMA on these parameters. During the grower period (3-6 weeks of age), weight gain, FCR, uniformity and feed intake of chicks that received diet supplemented with DLM or LMA were superior to the methionine-deficient group (P<0.01). Outer breast meat yields was significantly improved (P<0.05) and abdominal fat slightly decreased when methionine sources were added, while adding LMA at 80% bioefficacy of DLM tends to promote edible meat growth more than the other groups. As for incidence of ascites syndrome, significant effects of methionine sources on heart characteristic and hematocrit value were not seen, but adding methionine significantly depressed plasma triiodothyronine (T ) (at 21 days of age) and seemed to increase plasma uric acid level.
Introduction
Dry DL-methionine (DLM) and liquid DL-2-hydroxy-4-(methylthio) butanoic acid (LMA) are commonly used in poultry diet, particularly based on corn-soybean. However, several investigators have reported that the average relative bioavailability of LMA compared with DLM in various animal species ranged from 65 to 90% (Reid et al., 1982; Van Weerden and Schutte, 1984; Scott, 1987; Harms and Russell, 1994; Hoehler and Hooge, 2003 and Keawarun, 2006) . In broiler chickens, when used as the only source of sulphur amino acids (SAA), Baker and Boebel (1980) reported that the bioavailability of purified form of LMA was 78% of DLM. Similarly, based on the regression coefficients, equimolar bioefficacy of LMA relative to DLM was 80% for daily weight gain and 83% for feed conversion ratio (FCR) (Esteve-Garcia and Liaurado, 1997) . Recently, based on the recommendation of NRC (1994), we found that the relative effectiveness of LMA compared to DLM for response in weight gain, FCR and uniformity was certainly not less than 80% (Bunchasak and Keawarun, 2006) . Additionally, the relative bioefficacies of LMA and LDM between starter and grower periods may perhaps be different (Bunchasak and Keawarun, 2006) . However, as for the commercially recommended level of methionine required to achieve maximal production performance, it is generally accepted that the recommendation is always higher than that of NRC (1994) . Based on different growth production targets and levels of methionine recommendation, therefore, the relative bioefficacy of LMA compared to DLM for production performance may be different. Nowadays, due to very successful genetic selection techniques and nutritional improvements, 2.5-2.8 kg of body weight of the chicks can be achieved in 42 days, while FCR is just around 1.7-1.8. Conversely, incidence of ascites that is a condition in which excess amounts of fluids accumulation in the body cavity due to high metabolic loads (metabolic disorder) has increased worldwide over the past several years. Enlargement of heart and accumulation of fluid in pericardium due to high activities of heart and lungs to provide enough oxygen cause development of ascites syndrome (Julian, 1990 and Government of Alberta, 2004) . Recently, Keawarun and Bunchasak (2005) have reported that male broiler chicks fed with LMA had smaller heart weight than those fed with DLM supplementation, while production performance was not different. Because of the different chemical structure of LMA from DLM, Danner and Bessei (2002) reported that LMA does not represent a complete amino acid and has to be transformed to methionine by transamination. Keawarun and Bunchasak (2005) hypothesized that different sources of methionine (LMA vs DLM) may have different effects on blood circulation and heart activities of the birds. However, there has been no further report on this aspect. Therefore, this study was conducted to investigate relative bioefficacy of LMA compared to DLM based on the commercial recommendation of total sulfur amino acids requirement and its effect on incidence of ascetic syndrome of the male broiler chicks from 0 to 6 weeks of age fed with corn-soybean based diet.
Materials and Methods

Management and diets:
The study had a completely randomized design. Nine hundred commercial male broiler chicks (ROSS-208 strain) were used during 0-6 weeks of age. The chicks were divided into 6 groups; each group consisted of 6 replications of twenty five chicks each. They were kept, maintained and treated in compliance with the accepted standards for the humane treatment of animals. The chicks were kept in floor pens (100X200 cm) located in an evaporative cooling house system; hence each chick had approximately 800 cm of 2 floor space. The lighting management and vaccinations were provided according to the commercial practice. Diets were fed as a 1-mm and 3-mm pellet in the starter period (1-21 days) and the grower period (22-42 days), respectively. Water and feed were offered ad libitum throughout the experiment. Two sources of methionine, DLM (Sumimet-P, 99% pure, Sumitomo Chemical Co., Ltd., Tokyo, Japan) and LMA (Sumimet-L, containing 88% of active substance, Sumitomo Chemical Co., Ltd.) were used. For experimental diets formulation, the ratio between DLM and LMA ranged between 88, 84, 80 and 76% based on the assumption that 100 units of liquid LMA can be replaced by 88, 84, 80 and 76 units of DLM. Six experimental diets (iso-nitrogenous, 22% crude protein and iso-caloric, 3,100 kcal ME/kg during the starter period; and 20% crude protein with 3,200 kcal ME/kg during the grower period) were provided as following: 1) A corn-soybean based diet deficient in methionine, therefore, the calculated methionine+cysteine (TSAA) contents of the methionine-deficient diet in the starter and grower periods were 0.75 and 0.66%, respectively. 2) A methionine-deficient diet added with DLM to meet commercial requirements recommendation (DLM were added in methionine-deficient diet to reach a TSAA content of 1.03% in the starter period and 0.93% in the grower period). 3) A methionine-deficient diet added with LMA 1.14 times (weight/weight) of DLM of the second group (88% bioefficacy of LMA relative to DLM). 4) A methionine-deficient diet added with LMA 1.19 times of DLM of the second group (84% bioefficacy of LMA relative to DLM). 5) A methionine-deficient diet added with LMA 1.25 times of DLM of the second group (80% bioefficacy of LMA relative to DLM). 6) A methionine-deficient diet added with LMA 1.32 times of DLM of the second group (76% bioefficacy of LMA relative to DLM). Feed formula and nutrients contained in the basal diet are shown in Tables 1 and 2 , respectively. The test substances were added to aliquots of the basal diet at the expense of corn starch (Table 3) . Feed samples were collected and ground using a 1-mm screen in grinder. All diets were analyzed for protein, fat, calcium phosphotungstate-carbonate (Life science dynamics of and total phosphorus according to the AOAC (1990) arnaparn Co., LTD). methods. Amino acids composition of the basal diet in Carcass yield was obtained by weighing the birds before both starter and grower periods were determined using and after fasting for 12 hours, bleeding, scalding, Amino Acid Analyzer.
plucking, evisceration, viscera and abdominal fat
Measurements:
The following performance variables to Cabel et al. (1987) the fat surrounding gizzard was were determined: weight gain, feed intake, FCR, also counted as abdominal fat. Heart of each bird was mortality rate and uniformity, for each period and for the taken and stored at -20 C until parameter for heart total period (1 to 42 days). The chicks were weighed at disorder such as heart weight, right-left ventricle area, the end of each period, while feed intake was heart area, right-left ventricle weight and right-left measured daily. All pens were checked daily for ventricle thickness were measured according to mortality. For the determination of feed intake and FCR, McGovern et al. (2001) . the day of death and the weight of the dead birds were included in the calculation.
Statistical analysis: All data were statistically analyzed At the end of experiment, after overnight feed deprivation, using the analysis of variance (ANOVA). The differences 18 chicks from each group of which body weights are between the means of groups were separated by close to the group mean were chosen and killed using Duncan's Multiple Range Test (Duncan, 1955 were killed by asphyxiation in an atmosphere of less P<0.05. All statistical analyses were done in accordance than 2% oxygen (air displaced by CO ) for 1.5-2.0 min.
with the method of Steel and Torrie (1980) .
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Before the birds were killed, blood from wing vein of each bird was taken in order to investigate hematocrit (% of pack cell volume) and plasma was separated from blood by centrifugation at 3,000 x g at room temperature for 10 min. and stored at -20 C for chemical analysis.
o Heparin was used in order to prohibit blood clotting. Subsequently, radioactivity was counted for measurement of level of triiodothyronine hormone (T ) in 3 plasma using a commercial test kit (Diagnostic Products Corporation) and concentration of plasma uric acid was determined by the colorimetric method using weighing and eviscerated carcass weighing. According o
Results and Discussion
Growth performance: Effects of experimental diets on growth performances of broiler chicks during 0-3 and 3-6 weeks of age are presented in Table 4 . During 0-3 weeks of age, supplementing methionine sources (DLM or LMA) resulted in significant improvement of growth performance such as body weight gain, feed intake, FCR and uniformity (P<0.01). It seems that LMA supplementation at 88% bioefficacy of DLM had slightly heavier body weight than the DLM group, while mortality rate of this group was significantly higher than those of 88% bioefficacy compared to DLM induced a high the other groups (P<0.05). Among LMA-added groups, mortality rate. Only reason that can be given is that the supplementing LMA at 84 and 76% bioefficacy of DLM birds may have suffered from too high a metabolic or had better FCR than the other groups (P<0.01) except physiological load since growth rate of this group was DLM group. dramatically higher than the standard performance of Since relative bioefficacy of LMA in this study was birds' strain (ROSS 208) due to high feed intake. calculated as 88, 84, 80 or 76% equivalent to DLM, body During 3-6 weeks of age, supplementing both DLM and weight of chicks fed LMA was slightly better than DLM (of LMA significantly improved body weight and FCR no significance) and FCR was not different from the (P<0.01), and feed intake of the chicks fed with LMA at 80 DLM. It can be said that at commercial methionine and 88% bioefficacy of DLM was significantly higher than requirement recommendation, bioefficacy of LMA relative the methionine-deficient group (P<0.05). On the other to DLM for weight gain and FCR during the starter period hand, varied levels of LMA supplementation did not might be 88% (weight/weight). The findings of the significantly affect growth performance and mortality rate. current study disagree with Esteve-Garcia and Llaurado During this period, growth performances of chicks which (1997); Baker and Boebel (1980) ; Hoehler and Hooge received diet supplemented with DLM or LMA were still (2003), who reported that bioefficacy of LMA relative to superior to the methionine-deficient group. In addition, DLM for these parameters was around 65-83% only. The chicks fed with LMA at 80 or 88% bioefficacy of DLM tend result on feed intake is in accord with Bunchasak et al. to have better body weight gain than the DLM group. (1996a, 1996b, 1997); Bunchasak and Silapasorn Thus, chicks fed with LMA at 88% bioefficacy of DLM (2005); Bunchasak and Keawarun (2006) ; and Schutte improved weight gain by 14.04% compared to those and Pack (1995), who reported that feed consumption of which ate methionine-deficient diet, while improvement broiler chicks or laying hen increased due to DLM was 27.6% during the starter period. This result is not supplementation. Surprisingly, supplementing LMA as surprising since young animals are always more sensitive to nutrients deficiency than older ones. Dressing carcass increased and abdominal fat content However, better data were obtained than several decreased when DLM and various LMA were added, investigators who reported that increased methionine although there were no significant differences. levels promoted a weight gain of about 10-14% when Significant improvements of outer breast meat compared to the methionine-deficient diet (Bunchasak (pectoralis major) and inner breast meat (pectoralis and Keawarun, 2006; Garlich, 1985; Huyghebaert, 1993;  minor) were shown when both sources of methionine Rostagno and Barbosa, 1995) . This high growth rate were added (P<0.01). When calculated as total edible may have been due to high nutrients densities in dietary meat (including breast meat, leg meat and wing), treatments since the nutrients requirements were based therefore, methionine supplementation can significantly on the commercial recommendation.
---------------------------------------------------------------------------------------
improve yields. Among various LMA supplementations, Throughout the overall period (0-6 weeks of age) ( Table  it seems that adding LMA at 80% bioefficacy of DLM 5), body weight of the broiler chicks increased when induced high meat yield of chicks. methionine sources were added (P<0.01). However, Breast meat is considered as the most valuable part of increase of LMA at 1.14, 1.19, 1.25 or 1.32 times DLM broiler chickens. Moran (1994) reported that dietary SAA (88, 84, 80 or 76% bioefficacy of DLM) did not give any had high potential to stimulate breast meat growth benefit to growth performance, although LMA compared to other amino acids. The results of present supplementations seem to have improved percentage study also confirm the finding of this author. Since of uniformity more than DLM supplementations. This is Schutte and Pack (1995) ; Hickling et al. (1990) and in agreement with Romoser et al. (1976) ; Waldroup et al. Meirelles et al. (2003) reported that requirement of SAA (1981); Garlich (1985) , who reported that when synthetic for optimal FCR and maximal breast meat growth were sources of methionine were used to meet the higher than for the greatest weight gain, this may be a requirement for total sulfur amino acids in practical cornreason why supplementing LMA at 80% bioefficacy of soybean meal diets, chicks were capable of utilizing LMA DLM had high meat production yield. This is in and DLM at an indistinguishable efficiency. Therefore, it agreement with our previous suggestion that adding can be concluded that LMA is an acceptable source of LMA 1.25 times DLM (weight/weight) or 80% bioefficacy methionine for broiler chicks fed with corn-soybean meal of DLM might be an optimal level for meat production diets from day-old to market weight, if maximal growth during grower period (Bunchasak and Keawarun, 2006) . performance is used as response criteria concerning
On the other hand, high LMA supplementation at 76% commercial methionine requirements recommendation.
bioefficacy of DLM did not promote but suppressed meat
Carcass yields: The carcass components (% of body methionine requirement recommendation, weight) at 42 days of age are shown in Table 6. supplementing LMA at this level might be an excess to production. This indicates that, under commercial ----------------------------------------------------------------------------------------- the required amounts needed. In addition, an exceed other groups (P<0.05), except the supplementing LMA at methionine supplementation may induce toxicity in body 84% bioefficacy of DLM group. There was no significant (Han and Baker, 1993; Edmonds and Baker, 1987 and effect of dietary treatments at 42 days of age on the level Okumura and Yamaguchi, 1980) . of T , but there was the same pattern as the levels of the In general, fat deposition in broilers is reduced by DLM 21 days of age. In addition, it seems that adding both or LMA supplementation (Bunchasak et al., 1996a (Bunchasak et al., , 1997  DLM and LMA reduced the hormone level, while plasma Jensen et al., 1989 and Bunchasak and Keawarun, uric acid tended to increase (P=0.07). 2006). Similarly, the results of present study also show
The housing environment, temperature, inhaled dust decrease of abdominal fat due to DLM or LMA (small particles of 0.5 to 10 micro m), carbon supplementation. Although Esteve-Garcia and Liaurado dioxide/oxygen levels, rapid growth rates, high basal (1997) suggested that DLM and LMA might yield metabolic rate and high energy rations have been somewhat different effects on fat and protein deposition.
indicated as the main factors that induce the ascites Evidence of ascetic syndrome: Heart characteristics of etiology of ascites can be classified into the following chicks at 42 days of age are shown in Table 7 . Heart three categories: 1) pulmonary hypertension, 2) weight, right ventricle and left ventricle, expressed as miscellaneous cardiac pathologies, and 3) cellular percentage of body weight, significantly decreased when damage caused by oxidative stress (Currie, 1999) . The methionine sources were added (P<0.05), while other heart of ascetic chickens is enlarged; the right ventricle parameters such as right and left ventricle area, heart is grossly dilated, and can make up as much as 40% of area, ventricles' thickness as well as ventricle weight total ventricle weight, compared with the normal 20% (g/bird) were not affected by supplementation of (Government of Alberta, 2004) . methionine sources.
In the present study, the normal heart characteristics The effects of supplementing methionine sources on (right ventricle was about 15% of total ventricle) and hematocrit value (% PCV), T hormone and plasma uric hematocrit value were found; it was revealed that there of heart weight may have been due to increase in body methionine sources may give benefit to the health of weight, because the data are expressed proportionally.
chicks. Furthermore, heart weigh expressed as g/birds was not Plasma uric acid seems to contrast with the level of T significantly affected by dietary treatments. Luger et al. (2001) concluded that a high rate of weight gain did not always predict good ascites development, while hematocrit and thyroid hormones provided a good indication for the last week of life. Accordingly, several investigators have also reported that the ascitic chickens had significantly higher hematocrit values and lower T 3 concentrations than normal chickens during low environmental temperature (Olkowski and Classen, 1998; Luger et al. 2002; Luger et al. 2001) . Moreover, Luger et al. (2002) concluded that deficiency in thyroid hormone might play a key deleterious role in the AOAC., 1990. Official Method of Analysis. 15th ed. development of the ascites syndrome, in view of its fundamental role in the cardiovascular homeostasis both in physiological and pathological conditions (Pingitore and Iervasi, 2005) . We have found that poor growth performance caused by deficiency in methionine induced high T concentration.
3
This finding is in accord with that of Decuypere et al. (1994) , who reported that adding 0.5 mg T /kg of diet had 3 depressed growth rate, concentration of plasma growth hormone and insulin-like growth factor of broiler chicks. Additionally, Nukreaw (2006) reported that feeding 18% protein diet to laying hen had resulted in an improvement of egg production and decrease of T 3 concentration. It can be said that although no ascites syndrome was found, low concentrations of T due to 3 high growth performance or high metabolic rate were seen. Interestingly, supplementing LMA at 84% bioefficacy of DML significantly enhanced T 3 concentration as high as the level of chicks fed with methionine-deficient diet, while growth performance was not depressed. Therefore, supplementing an appropriate level of LMA may result in decreased susceptibility to ascites development of broilers, even though no causal relationship has been demonstrated. Adding methionine sources results in increase of feed or protein intake, and consequently glycine which is needed for uric acid formation may also be elevated. This hypothesis is supported by Machin et al. (2004) , who reported that increasing protein intake can increase plasma uric acid concentrations of broiler chicks. In the present study, therefore, plasma uric acid of chicks fed with diet sufficient in methionine was higher than the insufficient methionine consumption groups although significant difference was not found. Hellstein et al., (1997) and Machin et al. (2004) proposed that uric acid is a potent scavenger of oxidants in human and animal tissues. So, decrease of uric acid concentration in broiler chick will result in an elevation of oxidative stress which causes metabolic disease (ascites syndrome) (Klandorf et al., 2002 and Enkvetchakul et al., 1993) . Thus, elevation of plasma uric acid due to adding 3 concentration, and therefore it is considered that the antagonistic effect between uric acid and T in plasma 3 might be a reason why no significant evidence of ascites syndrome on heart characteristic was there even though rapid growth rates were observed.
